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1078–5884/00Comparison Between Duplex Scanning and Angiographic
Findings in the Evaluation of Functional Iliac Obstruction in
Top Endurance Athletes
Y.S. Alimi,1* F. Accrocca,1 P. Barthe`lemy,1 O. Hartung,1 M. Dubuc2 and M. Boufi1Departments of 1Vascular Surgery, and 2Medical Statistics, University Hoˆpital Nord, Chemin des Bourrelly,
Marseilles Cedex, FranceObjective. Review of a 10 year-experience, to evaluate the efficacy of pre-operative investigations in the detection of external
iliac artery (EIA) endofibrosis in top endurance athletes.
Design. Retrospective study.
Materials. From September 1995 to March 2004, 13 highly-trained athletes (all men, mean age 32.3 years) underwent
surgery for disease involving 14 lower limbs (11 left, one right, one bilateral).
Methods. We compared ultrasound scan (US) and digital subtraction angiography (DSA) data, at rest and at hip flexion
with intra-operative findings for all 14 lower limbs. We analyzed the presence of stenosis in the external and common iliac
arteries, the presence of psoas muscle arteries and the presence of excessive EIA length.
Results. In the affected limbs, before treatment, the mean ankle brachial index (ABI) at rest was 0.98 compared with 0.56
after exercise, pZ0.0001. The sensitivities of the US vs DSA examination in the detection of external and common iliac
artery stenosis were, respectively, 84.6 and 53.8% vs 53.8 and 12.5%. The muscle psoas artery was detected by DSA with a
sensitivity of 57.1 and 100% specificity. For the detection of excessive EIA length, the sensitivity of US was 85.7% with
57.1% specificity.
Conclusions. A fall of ABI after exercise proves the presence of a significant stenosis in symptomatic athletes. Color coded
duplex ultrasonography is recommended for non-invasive imaging of suspected endofibrotic stenosis in young athletes, since
it detects reliably both stenosis and elongation of iliacal arteries.Keywords: External iliac artery; Endofibrosis; Endurance athletes; Ultrasound scan; Digital subtraction angiography.Since Mosimann1 first described external iliac artery
(EIA) endofibrosis in 1984, certain physiopathological
aspects of this condition remain unknown. Conse-
quently, it is often difficult to make an early diagnosis.
Endofibrosis is a multifactorial disease2 that affects
high-performance athletes, predominantly pro-
fessional cyclists, in the absence of classical risk factors
for atherosclerosis. The first predisposing factor is the
repeated stretching of the EIA on the hip joint in the
cycling position, as described by Chevalier.3 However,
such physical factors are less evident for other sports-
men, even though endofibrosis has been reported in a
rugby player,4 an endurance runner,5 a body builder,6
a football player7 and recently in a football referee.8
Other factors such as compression by the hypertrophic
psoas muscle,9 supra-physiological blood flowing author. Yves S. Alimi, Department of Vascular
versity Hoˆpital Nord, Chemin des Bourrelly, 13915
dex 20, France.
: yalimi@ap-hm.fr (Y.S. Alimi).
0513+ 07 $35.00/0 q 2004 Elsevier Ltd. All rights resercaused by effort,10 excessive EIA length11 and EIA
tethering between arterial branches and inguinal
ligament12 also appear to play part in the patho-
genesis of endofibrosis.
Endofibrosis is asymptomatic at rest and only
becomes symptomatic during maximal effort. Once
suspected, endofibrosis is difficult to detect because
standard pre-operative explorations at rest are often
within normal limits and the non-atherosclerotic
arterial wall lesions are minimal.13 A causal relation-
ship between exercise-induced presentation and mod-
erate lesions is not evident and the lesions are not
usually treated surgically at this stage.
From review of literature,2,3,10,11 we suggest that the
simultaneous presence of one or more of the following
must be associated with the presence of endofibrosis:vediliac stenosis (external, but frequently also common
or internal),
one or more psoas muscle arteries,
an excessive of length external iliac artery,Eur J Vasc Endovasc Surg 28, 513–519 (2004)
doi:10.1016/j.ejvs.2004.08.008, available online at http://www.sciencedirect.com on.
Y. S. Alimi et al.514In this study, we retrospectively review our 10 year-
experience, todefine thedifferentmorphological aspects
of this pathology and to evaluate the efficacy of pre-
operative investigations in the detection of endofibrosis.
Patients and Methods
From September 1995 to March 2004, 13 highly trained
athletes ((all men, mean age 32.3 years (range, 20–47))
underwent surgery for disease in 14 lower limbs at our
institution. The disorder was predominantly on the
left side (11 limbs), with only one right limb and one
bilateral. The clinical and pathological features of the
patient are summarized in Table 1. No risk factors for
cardiovascular diseases were present (only four
patients were ex-smokers).
Ten patients (77%) were cyclists, two (15%) were
triathlon athletes and one (8%) was an endurance
runner. The level was professional in 10 (77%) cases
and amateur in three (23%) cases, although the
amateurs took part in competitions. For the cyclists,
the average distance raced was around
20,000 km/year (10,000–30,000) and the total distance
raced at diagnosis was around 350,000 km (120,000–
450,000). Mean age at onset of racing was significantly
lower in the professional group than in the amateur
group ((15.8 vs 33.3 years) pZ0.0001). Consequently,
mean age at the onset of symptoms and mean age at
diagnosis were also significantly lower in the pro-
fessional group than in the amateur group, ((respect-
ively, 25.8 and 27.1 years and 43.6 and 44.6 years) pZ
0.0001). Mean delay to diagnosis was 16 months in the
professional group and 12 months in the amateur
group (p not significant).
In all patients the symptoms appeared during
maximal effort and some patients had several symp-
toms: 10 patients (71.4%) complained of claudication
of one lower limb, seven patients (50%) had of a
sensation of swelling, three (21.4%) presented with
pain that ‘paralyzed’ a limb, another three (21.4%) had
a sensation of ‘cold foot’ and two (14.2%) presented
with the additional symptom of diarrhea after effort.
Symptoms were localized at the level of the thigh in 13
cases (92.8%), the leg in seven cases (50%) and the
buttock in two (14.2%).
On clinical examination femoral and distal pulses
were present in 12 limbs, one femoral pulsewas reduced
and only one pulse was absent, in a patient who
presented with arterial occlusion by an endofibrotic
lesion. Only one iliac systolic murmur was present.
All patients had a physical examination at rest and at
flexion of the lower limbs with an anamnesis (negative
tests for performance enhancing drugs, neurological orEur J Vasc Endovasc Surg Vol 28, November 2004orthopaedic abnormalities). Blood coagulation tests
excluded hypercoaguabilty disorders.
We compared resting and dynamic, ultrasound
scan (US) and digital subtraction angiography (DSA)
data with intra-operative findings, considered as gold
standard. For all 13 patients (14 lower limbs). We
investigated the:presence/absence of stenosis of the common iliac
artery (CIA), external iliac artery (EIA) and internal
iliac artery (IIA),
presence/absence of psoas muscle arteries,
presence/absence of EIA excess of length.
The sensitivity and specificity of US and DSA
examinations in the detection of these different aspects
of endofibrosis were calculated.
Ultrasound examinations
Doppler examinations (Diadop 300 B, Diatechnic,
Toulouse, France) with a 8-MHz probe of the lower
limbs at rest, and after exercise were performed in all
cases, with measurement of absolute systolic blood
pressure (ABSP) and ankle-brachial index (ABI) of the
symptomatic and asymptomatic leg. A provocation
test was carried out by means of cycle-ergometric
exercise (Monark, Lemonarque, Rambouillet, France).
The initial workload was 100 W and was increased
differently in each patient until the point at which
symptoms were reproduced.
Bilateral Duplex Scanning imaging (Powervision
SSA-380A, Toshiba, Japan) with 4.2–7 and 5–7.5 MHz
probes of the aorta, iliac (common, external, internal),
femoral (superficial, deep, quadricipital) and leg arteries
was performed systematically by the same operator,
especially trained in the detection of endofibrosis. All
exams were performed with the limb lying flat on the
table, and subsequentlywith a 1008hip flexion, allowing
a complete visualization of the CIA, the IIA and the EIA,
with detection of any excessive EIA length. A stenosis
was considered as significant when the systolic peak
velocity increased at the level of the stenosis and
decreased distal to stenosis, in comparison with the
proximal peak velocity. For all limbs, we took into
consideration the localization and length of the lesions,
type of plaques (eccentric, concentric or occlusive),
degree of stenosis, presence of psoasmuscle arteries and
excessively long external iliac arteries.
Digital subtraction examination
All cases underwent intra-arterial DSA (IA-DSA) of
the aorta and lower limbs, in different planes (anterior,
Table 1. Clinical and pathological features of the patients
Case
no.
Side Sex Age Age at
onset of
racing
(years)
Age at
onset of
symptoms
(years)
Age at
onset of
diagnosis
(years)
Presentation Femoral
pulse
ABI at
rest
ABI
after ex
pre-op
ABI
after ex
post-op
1 R M 45 38 41 44 Claudication at max
effort, ‘cold foot’
sensation, paralysis
P O1 0.45 1
2 L M 43 38 41.5 43 Paralysis P O1 0.38 1
3* L M 43 33 40 41 Claudication at max
effort
ABS 0.7 0.68 0.8
4* R M 45 33 40 43 Claudication at max
effort
P 1 0.5 0.6
5 L M 47 34 47 47 Claudication at max
effort
RE 1 0.47 1
6 L M 31 20 29 29 Claudication at max
effort
P 1 0.63 1
7 L M 20 17 19 20 Claudication at max
effort, swelling, diarrhea
P 1 0.47 1
8 L M 21 10 19 21 Claudication at max
effort, swelling
P O1 0.66 0.8
9 L M 24 14 21 24 Claudication at max
effort, ‘cold foot’
sensation, swelling
P 1 0.4 0.9
10 L M 23 16 22 23 Swelling P 1 076 1
11 L M 24 15 22 24 Claudication at max
effort, swelling, diarrhea
P 1 0.72 1
12 L M 30 20 30 30 Claudication at max
effort, swelling
P 1 0.65 1
13 L M 44 20 40 41 ‘Cold foot’ sensation,
paralysis
P 1 0.74 1
14 L M 26 14 23 26 Claudication at max
effort, swelling
P 1 0.39 1
P, present; ABS, absent; RE, reduced.
* Patient with treatment.
Explorations of Iliac Endofibrosis in Athletes 515lateral, oblique) with the hip flexion and extension
positions.Other examinations
Intra-operative angioscopic examination of the inside
of the arteries was performed in only three cases and
then abandoned because of technical difficulties in
obtaining good visualization and the requirement for
clamping the CIA.
Magnetic resonance angiography (MRA) was only
performed in one case and no intra-operative vascular
ultrasounds (IVUS) were performed. In two other
cases, we measured proximal and distal arterial
pressure at the lesion.Surgical treatment
All patients (13 patients, 14 limbs) underwent a full
exposure of the three iliac arteries, but femoral arteries
were surgically exposed only when a lesion was
detected pre-operatively at this level. All patients
underwent an operation which consisted of either an‘endofibrosectomy’ of the affected arterial segment
and vein patch angioplasty (11 cases), or a
resection of the fibrotic segment followed by a
saphenous vein interposition graft (remaining three
cases). At the time of operation, the surgeon
recorded whether the EIA had a tortuous course
and whether kinking occurred during 1008 hip
flexion; in all cases, in which there was excessive
length, we shortened the artery and, if one or more
arterial branches were present, in all cases we also
performed an arterial release; especially, a psoas
muscle artery was ligated when discovered. Tissue
for histopathological examination was obtained in
all cases, with Alcian blue and Orcein staining.Statistical analysis
The data from this study (sensitivity and specificity)
were calculated statistically with the computer pro-
gram Epi-info 6th version (WHO). Comparison
between demographic data and pre- vs post-operative
ABI values was performed using the Student’s t test. A
p value!0.05 was considered significant.Eur J Vasc Endovasc Surg Vol 28, November 2004
Y. S. Alimi et al.516Results
The demographic details and clinical findings for the
patients are given in Table 1. At rest, pre-operative
Doppler examination was normal in 12 of the 14 limbs
but in two wave alterations indicative of stenosis were
present. Mean ASBP at rest was 130.2 mmHg (90–160)
for symptomatic limbs and 141.6 mmHg (120–160) for
asymptomatic limbs. Mean ABI at rest was 0.98 (0.7–1)
for symptomatic limbs and 1.023 (1–1.2) for asympto-
matic limbs.
After cyclo-ergometric exercise mean ASBP
decreased to 121 mmHg (80–160) for symptomatic
limbs and increased to 201.5 mmHg (150–240) for
asymptomatic limbs. Mean ABI after exercise fell to
0.56 (0.38–0.76) for symptomatic limbs (p!0.0001) and
0.97 (0.71–1.2) for asymptomatic limbs. In all limbs
laboratory exercise reproduced the symptoms.Fig. 1. Stenosis of common and external iliac arteries due to
endofibrosis shown in the same patient by ultrasound scan
(A) and by digital subtraction angiography (B).
Eur J Vasc Endovasc Surg Vol 28, November 2004The duplex scan investigation revealed that the aorta
was normal in all 14 limbs.We found stenosis of the EIA
in 12 limbs, the CIA in three and of the IIA in one limb
(Fig. 1(A)). Therewas associated stenosis of the common
femoral artery in six limbs, of the quadricipital artery in
four and of the deep femoral artery in two other limbs.
The endofibrotic plaque was eccentric in 10 cases,
concentric in three and occlusive in one limb; mean
lesion length was 4.5 cm (2–9). At rest, the degree of
stenosis was not hemodynamically significant (!40%)
in all limbs, except in one limb with iliac occlusion. The
USdidnotdetect thepresenceofpsoasmuscle arteries in
any limb but did detect a significantly long EIA in nine
limbs, during hip flexion (Fig. 2(A)).
The DSA revealed that the aorta was normal in all
cases. Stenosis was present at the level of the EIA in
seven limbs, the CIA in one limb and the IIA in no
limbs (Fig. 1(B)). There was associated stenosis of the
quadricipital artery in three limbs but the common
and deep femoral arteries were normal in all the other
limbs. In four limbs DSA detected the presence of a
long EIA and a psoas muscle artery in four other limbs
(Figs. 2(B) and 3(A)).
In all but one case (with complete occlusion of the
EIA), a longitudinal arteriotomywas performed on the
distal half of the CIA and the proximal half of the EIA
to reveal endofibrotic lesions, which were maximal at
the ostium of the EIA and decreased gradually toward
distal EIA in 13 limbs (93%), the proximal CIA in eight
limbs (57%) and the proximal IIA in six limbs (43%).
We noted the presence of an associated stenosis of the
quadricipital artery in three limbs (21%), the common
femoral artery in two (14%) and the deep femoral
artery in one limb (7%). A psoas muscle artery was
observed intra-operatively in seven (50%) limbs (Fig.
3(A)) and long EIA in another seven (50%). The
peri-operative surgical complications included one
graft occlusion and one iliac haematoma, requiring
re-intervention. Histology examination showed
segmental thickening of the intima in all 14 specimens.
In one case, (the limb of the 47-year-old patient) an
atherosclerotic lesion was observed.
Mean follow-up was 14.4 months (range 1–64
months) and follow up examination with US at 1
month and ABI after exercise was performed in all
cases. In three cases (21%), we detected a symptomatic
restenosis of the treated limb at 3, 4 and 6 months post-
operatively. In all these cases, a second surgical
intervention using venous patch angioplasty was
performed, with good results in each case. At the end
of follow-up, pre-operative symptoms had completely
disappeared in 12 cases and diminished in two. Ten of
the thirteen athletes were able to return to competition
successfully. The three oldest sportsmen decided not to
Fig. 2. Excessive length of external iliac artery shown in the
same patient by ultrasound scan at hip flexion (A) and by
digital subtraction angiography at hip flexion (B).
Explorations of Iliac Endofibrosis in Athletes 517return to competition, but are active sportsmen. After
surgical treatment the mean post-operative ABI after
exercise improved to 0.93 for symptomatic limbs (pZ
0.001) and 0.97 for asymptomatic limbs.
The comparison of pre-operative US and DSA data
with the intra-operative findings are summarized in
Table 2. The sensitivity of US for the detection of EIATable 2. Comparison between ultrasound scan and digital subtractio
Ultrasound scan (US) Angio
TP FP TN FN TP
EIA stenosis 11 1 0 2 7
CIA stenosis 1 2 4 7 1
IIA stenosis 0 1 7 6 0
Psoas artery 0 0 7 7 4
EIA length 6 3 4 1 4
EIA, external iliac artery; CIA, common iliac artery; IIA, internal iliac a
negative.stenosis was 84.6% and for long EIA 85.7%; however,
the specificities were much lower. DSA had a high
specificity and sensitivity of 57.1% for the detection of
psoas muscle arteries and long EIA. The sensitivity
and specificity results are reported in Table 3.Discussion
Endofibrosis is a rare, little-known disease that affects
young athletes characterized by the presence of
minimal,10 non-atherosclerotic arterial lesions of the
arterial iliac axis. In contrast with atherosclerotic
lesions, the endofibrotic plaque is barely detectable,
even by trained diagnostic technicians. We strongly
recommend the use of a vascular laboratory experi-
enced in the detection of endofibrosis.14 It was not
uncommon for us to operate on patients with obvious
endofibrosis, referred to us following a negative echo
Doppler examination performed elsewhere. In our
cohort, the delay to diagnosis was considerable (16
months in the professional group, 12 months in the
amateur group), indicating how often the diagnosis of
endofibrosis is missed.4
Chevalier considers that ABI on exercise should be
the first choice non-invasive investigation. Exercise
should be heavy and reproduce the symptoms.3–15 We
obtained a very significant drop in ABI of 0.42 and the
ABI value after exercise was 0.56, considerably lower
than 0.66, the value considered to be the optimal cut-
off point.16 ABImeasurements at rest and after exercise
were a sensitive and specific tool for detecting the
presence of endofibrosis but did not indicate the
location or type of the lesions.
The vascular lesions responsible for endofibrosis
must be detected pre-operatively to help plan the
surgical technique to be used. Several different
diagnostic techniques were used to help us make a
‘lesional’ diagnosis (US, DSA, IVUS), but no examin-
ation was able to give us all the information we
required. Therefore, we compared the sensitivity and
specificity of US scans and DSA in the detection of
lesions, excessive EIA length and the presence of psoasn angiography pre-operative data and intra-operative findings
graphy (DSA) Intra-operative findings
FP TN FN No
0 1 6 13
0 6 7 8
0 8 6 6
0 7 3 7
0 7 3 7
rtery; TP, true positive; FP, false positive; TN, true negative; FN, false
Eur J Vasc Endovasc Surg Vol 28, November 2004
Fig. 3. External iliac artery stretched by a psoas muscle artery shown by digital subtraction angiography (A) and the intra-
operative view (B).
Y. S. Alimi et al.518muscle arteries, although results are limited by the
small number of patients. US had good sensitivity
(84.6%) for the detection of EIA stenosis. For the CIA
lesions, the sensitivity dropped to 12.5%, although the
specificity was 66.7%. The sensitivity for detection of a
thickened intima was similar to that observed by
Abraham (0.85).14 Other authors17 have found a
similar sensitivity and higher specificity.
US had no sensitivity for the detection of psoas
muscle arteries but it had 85.7% sensitivity and 57.1%
specificity for the detection of long EIA. Recently,Table 3. Sensitivity and specificity results
Ultrasound scan (US)
SE % SP %
EIA stenosis 84.6 0
CIA stenosis 12.5 66.7
IIA stenosis 0 87.5
Psoas artery 0 100
EIA length 85.7 57.1
EIA, external ilaiac artery; CIA, common iliac artery; IIA, internal iliac
Eur J Vasc Endovasc Surg Vol 28, November 2004Schep17 suggested that US with the hip flexed at 908 is
particularly useful for observing kinks in the EIA, but
was less useful for the CIA because iliac bones prevent a
lateral plane projection for US imaging. Abraham also
found 66% sensitivity and 78% specificity for the US
examination, in detection of the disappearance of the
harmoniouscurveof anormalEIA.14Webelieve that this
is due to a continuous stretching and tethering of the
artery, fixed by side branches in the proximal segment
and the inguinal ligament in the distal segment.
Many authors3–18 believe that DSA is not the goldAngiography (DSA)
SE % SP %
53.8 0
12.5 100
0 100
57.1 100
57.1 100
artery; SE, sensitivity; SP, specifity.
Explorations of Iliac Endofibrosis in Athletes 519standard for the diagnosis of endofibrosis, but that it
always should be performed if this disease is
suspected. In our cohort, DSA had a sensitivity of
53.8 and 57.1%, respectively, in the detection of EIA
stenosis and long EIA. The sensitivities were lower for
CIA stenosis. We think that DSA is particularly useful
for detecting the presence of psoas muscle arteries (in
our series, 57.1% sensitivity). Other explorations do not
provide the investigator with such sensitivity and we
systematically search for the side branch during the
surgical procedure. Kral et al.15 reported that DSA
revealed abnormalities in 100% of cases, with all
examinations performed in a ‘racing’, hyperflexed
position.We strongly recommend performing a dynamic
investigationbecauseof thepossibility of onlyamoderate
degree of stenosis and the eccentric position of the lesion.
Usually no calcification is observed.2
We have limited experience in magnetic-resonance
angiography (MRA). Partly, this is because the patients
underwent their operations in 1995 whenMRAwas not
widely available and secondly because of the high costs
involved. However, Schep17 mentioned that MRA
appears to be more sensitive than DSA when it comes
to showing lesions in the EIA but is less sensitive than
US, despite having a significant role in the detection of
arterial kinks. With improvements in the experience of
radiologistsand instrumentation,MRAimaging is likely
to improve pre-operative diagnosis.We did not perform
any IVUS explorations but future studies may provide
further information on this subject.19
Chevalier systematically performs an intra-operat-
ive angioscopic examination and suggests that is
useful to confirm the localization and the extension
of the lesion.20 We performed an angioscopic examin-
ation at the time of surgery in only three cases, soon
abandoning this procedure because of the need to
clamp the artery and the fact that it was not easy to
visualize the lesion. In addition, this is an intra-
operative exploration that does not help the preopera-
tive surgical decision-making.Conclusion
Endofibrosis is a disease that affects young athletes
and immediate surgical treatment is often required if
the patient is to continue competition at the highest
level. Knowledge of pre-operative diagnosis of endo-
fibrosis in young sportsmen may prevent treatment
delay. At present, ABI measurements after heavy
exercise assess the presence of the arterial stenosis,
but USs and DSA are still the first choice examinations
to reveal the location and the extent of the endofibrotic
lesions. In the future, MRA may turn out to be useful.US usually is capable of detecting intimal lesions and
excessive length of the EIA, while DSA reveals the
eventual presence of psoas muscle arteries.References
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